
\ CONCERNING THE CALCULATION OF COAL 
STRUCTURAL PARAMETERS FROM SPECTROSCOPIC DATA 

P. P a i n t e r ,  M. S t a r s i n i c ,  E. R i e s s e r ,  C. Rhoads and B. BartgeS 

M a t e r i a l s  Science and Eng inee r ing  Department 
S t e i d l e  B u i l d i n g  

The Pennsylvania  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  Park,  PA 16802 

Because o f  t h e  he t e rogeneous ,  multicomponent n a t u r e  o f  c o a l ,  much s t r u c t u r a l  
a n a l y s i s  work h a s  been channe l l ed  towards t h e  d e t e r m i n a t i o n  of pa rame te r s  t h a t  
can be used to d e s c r i b e  "average" s t r u c t u r e s .  I n  p r i n c i p l e ,  FT-ir  measurements 
can be used t o  q u a n t i t a t i v e l y  de t e rmine  t a l i p h a t i c  CH,  a r o m a t i c  CH and OH 
c o n t e n t  of c o a l  (1-5),  wh i l e  s o l i d  s t a t e  "C nmr spec t roscopy  can  be used t o  
de t e rmine  t h e  r e l a t i v e  p r o p o r t i o n s  of a r o m a t i c  t o  a l i p h a t i c  carbon (6-9).  The re  
i s  much a c t i v e  r e s e a r c h  aimed a t  ex tend ing  t h e  scope  of t h e s e  t e c h n i q u e s  t o  

measurements a l o n e  a number o f  fundamental  s t r u c t u r a l  pa rame te r s  (H 
H / C  , Ha / H a l  e t c . )  can  be c a l c u l a t e d .  Furthermore,  w i t h  t h e  mezgurement o f  
0% a i i i t i o k a l  pa rame te r ,  t h e  number of methyl  groups ( a s  measured by t h e  f r a c t i o n  
of a l i p h a t i c  carbon O K  hydrogen invo lved  i n  such  g roups ) ,  i t  shou ld  be p o s s i b l e  
t o  determine t h e  d i s t r i b u t i o n  o f  a l i p h a t i c  ca rbon  ( i e .  t h e  r e l a t i v e  p r o p o r t i o n s  
of CH, CH and CH g roups )  and then  d e s c r i b e  a ' h e a n  s t r u c t u r a l  u n i t "  i n  terms of 
average a romat i c  ? i n g  s i z e  and t h e  t y p e  and d i s t r i b u t i o n  of b r i d g i n g  u n i t s  and 
s u b s t i t u e n t s .  Th i s  can  be accomplished by u s i n g  t h e  e q u a t i o n s  o r i g i n a l l y  
desc r ibed  by van Krevelen and Schyuer (10) and u t i l i z e d  by Dryden (11.12) for  
s t a t i s t i c a l  s t r u c t u r a l  a n a l y s i s .  S i m i l a r  e q u a t i o n s  were a l s o  d e r i v e d  by Brown 
and Ladner (13) i n  o r d e r  t o  u t i l i z e  t h e  d a t a  t h a t  w a s  t hen  becoming a v a i l a b l e  
from proton n.m.r .  measurements.  However, t h e r e  were a number of u n c e r t a i n t i e s  
i n  app ly ing  t h e s e  e q u a t i o n s .  Dry,&n used d a t a  from e l e m e n t a l  a n a l y s i s  t o g e t h e r  
w i th  e s t i m a t e s  of a r o m a t i c i t y  and o t h e r  pa rame te r s  ( e s .  a l i c y c l i c  hydrogen) 
t h a t  were t o  some degree  u n c e r t d i n .  An i t e r a t i v e  p rocedure  was used t o  s o l v e  
t h e  e q u a t i o n s .  The a p p l i c a t i o n  of t h e  Brown-Ladner e q u a t i o n  r e q u i r e d  a s sumpt ions  
concerning t h e  a l i p h a t i c  hydrogen-to-carbon atomic r a t i o l 3  Q u a n t i t i e s  such as 
t h i s  can  now be determined d i r e c t l y  from combined FT-ir/  C nmr measurements.  \le 
t h e r e f o r e  cons ide red  t h a t  i t  might be a r e l a t i v e l y  s t r a i g h t f o r w a r d  t a s k  t o  c a l -  
c u l a t e  mean s t r u c t u r a l  u n i t s  f o r  t h e  c o a l  samples  f o r  which we have accumulated 
s p e c t r o s c o p i c  d a t a  ( 4 , 9 ) .  And i t  is. U n f o r t u n a t e l y ,  a major  problem a r i s e s  
once we c o n s i d e r  whether  o r  no t  t h e  numbers s o  d e r i v e d  mean a n y t h i n g .  We w i l l  
show t h a t  f o r  a n  i n d i v i d u a l  c o a l  they do n o t .  The form o f  t h e  e q u a t i o n s  are 
such t h a t  e r r o r s  accumulate  d r a m a t i c a l l y  and O U T  s p e c t r o s c o p i c  measurements a r e  
i n s u f f i c i e n t l y  p r e c i s e  t o  o b t a i n  any th ing  b u t  a broad d e s c r i p t i o n  o f  t r e n d s  a s  
a f u n c t i o n  o f  rank. We w i l l  f i r s t  c o n s i d e r  t h e  d a t a  o b t a i n e d  f o r  a set of v i t r i -  
n i t e  c o n c e n t r a t e s  and s p e c i f i c a l l y  t h e  problems w i t h  t h e  FT-ir d a t a .  We w i l l  t hen  
demonstrate  how even sma l l  e r r o r s  i n  t h i s  d a t a  d r a m a t i c a l l y  a f f e c t  t h e  c a l c u l a t i o n  
of s t r u c t u r a l  pa rame te r s .  

t o  be r easonab le  p r e c i s i o n  by l5t nmr u s i n g  c r o s s - p o l a r i z a t i o n  and magic a n g l e  
sp inn ing .  I t  i s  p robab ly  more a c c u r a t e  t o  say  t h a t  most f u e l  s c i e n t i s t s  are 
comfor t ab le  w i t h  t h e  v a l u e s  of f so d e r i v e d ,  because  t h e r e  are a number o f  s o u r c e s  

' a l l o w  t h e  measurement o f  a d d i t i o n a l  f u n c t i o n a l i t i e s .  N e v e r t h e l e s s ,  w i t h  t h e s e  

"ar' 

2 

The f r a c t i o n  a r o m a t i c i t y ,  , can now b e  determined w i t h  what is cons ide red  
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of p o s s i b l e  e r r o r  and t h e s e  a r e  not  e a s i l y  q u a n t i f i e d .  For t h e  s a k e  of t h e  
arguments  w e  wish $0 make h e r e  we w i l l  assume ( o p t i m i s t i c a l l y )  that t h e  v a l u e s  
o f  f a r e  good t o  - 5%. 
( 9 )  i r e  combined wi th  more r e c e n t  measurements of a d d i t i o n a l  samples  by Mar t ze l  
and Koenig (14) and Pugmire and  Grant  (15) i n  f i g u r e  1. There is some s c a t t e r ,  

Va lues  of f a  f o r  a s e t  o f  v i t r i n i t e s  r e p o r t e d  p rev ious ly  

but  a r e a s o n a b l y  narrow band of v a l u e s  i s  a p p a r e n t .  I 

Un l ike  nmr measurements,  where t h e  r a t i o  of peak a r e a s  is e q u a l  t o  t h e  r a t i o  
of a r o m a t i c  t o  a l i p h a t i c  ca rbon ,  bands i n  t h e  i n f r a r e d  spectrum r e q u i r e  c a l i -  
b r a t i o n .  They a r e  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of t h e  a p p r o p r i a t e  f u n c t i o n a l  
group th rough  a n  a b s o r p t i o n  c o e f f i c i e n t  which i s  d i f f e r e n t  f o r  each  band. Th i s  
has l e d  t o  a l l  s o r t s  of t r o u b l e  and a v a r i e t y  of  v a l u e s  o f  a romat i c  t o  a l i p h a t i c  
hydrogen r a t i o ' s  can  b e  found s c a t t e r e d  throughout  t h e  l i t e r a t u r e .  We w i l l  n o t  
d i s c u s s  t h e  v a r i o u s  methods t h a t  can  (and have )  been used to  c a l i b r a t e  i n f r a r e d  r 

bands,  t h i s  ground is covered e l sewhere  (5) .  In terms of t h e  p o i n t s  we wish t o  
make h e r e ,  t h e  a c t u a l  v a l u e s  of tial and H a r e  t o  some degree  i r r e l e v a n t ,  as  
we w i l l  be more concerned w i t h  t h e  e f f e c t z r o f  e r r o r s  i n  t h e s e  v a l u e s  on sub- 
sequen t  c a l c u l a t i o n s  of s t r u c t u r a l  pa rame te r s .  N e v e r t h e l e s s ,  i t  is impor t an t  
and i l l u m i n a t i n g  t o  c o n s i d e r  o n e  f aCtQr  t h a t  is p robab ly  c e n t r a l  t o  many of t h e  I 

d i s c r e p a n c i e s  found i n  t h e  l i t e r a t u r e .  I f  w e  t a k e  a bi tuminous c o a l  o f ,  s ay  82% 
carbon c o n t e n t ,  we t y p i c a l l y  de t e rmine  an  a l i p h a t i c  hydrogen c o n t e n t  c l o s e  t o  4% 
and a n  a r o m a t i c  hydrogen c o n t e n t  of abou t  1%. There  are numerous e r r o r s  t h a t  
can a f f e c t  t h e s e  measurements,  b u t  t h e s e  are n o t  s imply cumulat ive.  
i f  e r r o r s  i n  sample p r e p a r a t i o n ,  band a r e a s  e fc .  were of t h e  o r d e r  of -lo%, we 
might be a b l e  t o  quo te  v a l u e s  o f  4-0.4% and 1-0.1% f o r  a l i p h a t i c  and a romat i c  CH 
c o n t e n t ,  r e s p e c t i v e l y .  However, t h e  a b s o r p t i o n  c o e f f i c i e n t s  f o r  a l i p h a t i c  and 
a romat i c  CH bands a r e  p r e s e n t l y  be ing  de te rmined  by e q u a t i n g  band a r e a s  t o  
hydrogen c o n t e n t  determined from e lemen ta l  a n a l y s i s  (1,5). If a sample has  
n e g l i g i b l e  COOH c o n t e n t  w e  can  write 

I 

Fvr example, 

H = H  OH + Har + Hal (1) , 
OH' 

where H is t h e  hydrogen c o n t e n t  determined by e l e m e n t a l  a n a l y s i s ,  and H 
H and H i s  t h e  hydrogen found a s  OH, a r o m a t i c  CH and a l i p h a t i c  CH, r e s p e c t -  
i%ly .  Tfiis  can  be r e w r i t t e n  a s ;  

( H - H  ) = I  E ( 2 )  O H  a r  a r  + 'a1 'a1 
where I is t h e  i n t e n s i t y  of t h e  a p p r o p r i a t e  i n f r a r e d  band and E is a conve r s ion  

f a c t o r  ( e q u i v a l e n t  t o  t h e  r e c i p r o c a l  o f  t h e  a b s o r p t i o n  c o e f f i c i e n t  i n  a p p r o p r i a t e  
u n i t s )  r e l a t i n g  band a r e a  t o  co r re spond ing  hydrogen c o n t e n t .  T h e o r e t i c a l l y ,  
d a t a  from a s e t  of c o a l s  can be used and E and E determined g r a p h i c a l l y  (1 )  
o r  by o b t a i n i n g  numer i ca l  s o l u t i o n s  t o  t h e a $ e s u l t i $  s imul t aneous  e q u a t i o n s  ( 3 . 5 ) .  
We have r e c e n t l y  shown, hnwever, t h a t  t h e s e  e q u a t i o n s  are c l a s i c a l l y  i l l - c o n d i t i o n -  
ed  (5). I n  o t h e r  words,  a r ange  of s o l u t i o n s  g i v e s  a lmos t  e q u a l l y  a c c e p t a b l e  
answers.  
and the  v a l u e s  w e  have r e c e n t l y  come up w i t h  (5) a r e  somewhat d i f f e r e n t  t o  t h o s e  
o r i g i n a l l y  r e p o r t e d  ( 3 ) .  The key p o i n t  h e r e ,  however,  is t h a t  t h e  i l l - c o n -  
d i t i o n e d  n a t u r e  o f  t h e  e q u a t i o n s  means t h a t  t h e  v a l u e s  o f  H and H determined 
i n  t h i s  f a s h i o n  a r e  somewhat dependant .  
mining E and hence H t r a n s l a t e s  i n t o  a much l a r g e r  e r r o r  i n  H . T h i s  is 
because &e v a l u e s  of $ o b t a i n e d  from s o l u t i o n s  t o  e q u a t i o n  2 w?fl be a d j u s t e d  
t o  account  f o r  8 s  much gf  t h e  hydrogen a s  p o s s i b l e .  +Accordingly,  i f  Hal i s  c a l -  
c u l a t e d  t o  be 4-0.4%. H w i l l  be c a l c u l a t e d  to  be l-0.4%. A 10% e r r o r  i n  E 
(hence Aal) t r a n s l a t e s  % t o  a 40% e r r o r  i n  E 

We have spen t  a l o t  o f  t ime  t r y i n g  t o  p i n  down t h e  " c o r r e c t "  answer,  

In o t h e r  words,  a 86% e r r o f l i n  d e t e r -  

(and Har). As a r e s u l t ,  even  a r  - 
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though t h e  v a l u e s  o f  t h e  a b s o r p t i o n  c o e f f i c i e n t s  we have r e c e n t l y  determined f o r  
t h e  a l i p h a t i c  CH s t r e t c h i n g  modes (5 )  a r e  n o t  f a r  o f f  t h e  more r e c e n t  v a l u e s  
r epor t ed  by Solomon (2 ) .  we s t i l l  c a l c u l a t e  v a s t l y  d i f f e r e n t  v a l u e s  o f  H 

Undaunted by t h e s e  d i f f i c u l t i e s ,  we have reproduced o u r  v a l u e s  of  H 

a r lHa l .  

/ H  f o r  
a wide range o f  c o a l s  and v i t r i n i t e  c o n c e n t r a t e s  i n  f i g u r e  2. The knowlz8ge&e 
r e a d e r  w i l l  immediately r ecogn ize  t h a t  f o r  c o a l s  w i t h  a carbon c o n t e n t  o f  85% o r  
h i g h e r  t h e s e  r e s u l t s  a r e  ve ry  s i m i l a r  t o  t h o s e  r e p o r t e d  by Brown (16) more than  
twenty f i v e  y e a r s  ago. 
bottom o f  o u r  band o f  va lues .  The s c a t t e r  i n  t h e  d a t a  i s  no t  more than  we  would 
have i n t u i t i v e l y  e s t i m a t e d  o n  t h e  b a s i s  o f  c o a l  h e t e r o g e n e i t y .  
t h e s e  r e s u l t s  a r e  o b t a i n e d  by r a t i o i n g  i n f r a r e d  bands and t h u s  c a n c e l l i n g  e r r o r s  
from a number of s o u r c e s  (eg.  weighing,  i n s u f f i c i e n t  g r i n d i n g ,  improper  c o r r e c t i o n s  
f o r  moi s tu re  and mine ra l  c o n t e n t s  of t h e  c o a l ) .  When we c o n s i d e r  v a l u e s  o f  
Hal and H 
i n  t h e  p l z i s  shown i n  f i g u r e  3 f o r  t h e  v i t r i n i t e  c o n c e n t r a t e s .  
has  d i r e  consequences f o r  t h e  c a l c u l a t i o n  of s t r u c t u r a l  p a r a g e t e r s .  

For  lower rank c o a l s  Brown's r e s u l t s  f a l l  n e a r  t h e  

T h i s  is because 

s e p a r a t e l y ,  however, t h e s e  e r r o r s  r e t u r n  w i t h  a bang,  as can  be seen  
T h i s ,  u n f o r t u n a t e l y ,  

Before t u r n i n g  our a t t e n t i o n  t o  t h e  c a l c u l a t i o n  o f  t h e s e  pa rame te r s ,  w e  w i l l  
b r i e f l y  mention measurements o f  methyl gsoups by FT-ir .  
recognized gfoup f r e q u e n c i e s  f o r  methyl  groups a r e  t h e  s t r f t c h i n g  modes n e a r  2960 
and 2870 cm 
bands wi th  o t h e r  modes is s e v e r e  and even s o p h i s t i c a t e d  cu rve  r e s o l v i n g  pro- 
cedures  cannot  e n t i r e l y  s e p a r a t e  o u t  t h e  c o n t r i b u t i o n s  o f  o t h e r  f u n c t i o n a l  
groups.  When methyl  g roups  a r e  a t t a c h e d  to a romat i c  r i n g s ,  however, a weak ove r -  
t one  band appea r s  nea r  2730 cm-l (17).  
modes and t h e  p r e c i s i o n  of FT-ir  measurements i s  such t h a t  i t s  band a r e a  shou ld  
be measurable  w i t h  r e a s o n a b l e  accu racy .  
forward due t o  problems wi th  e s t a b l i s h i n g  a b a s e l i n e  i n  t h i s  r e g i o n  of a t y p i c a l  
c o a l  spectrum ( t h e  p o s i t i o n  o f  t h e  b a s e l i n e  can  d r a m a t i c a l l y  a f f e c t  t h e  
measured a r e a  of an i n f r a r e d  band).  T h i s  problem and i t s  s o l u t i o n  is d i s c u s s e d  
e l sewhere  ( 1 8 ) .  An a b s o r p t i o n  c o e f f i c i e n t  f o r  t h i s  band was determined from 
model compounds. U n s u r p r i s i n g l y ,  t h i s  c o e f f i c i e n t  d i d  not  v a r y  s i g n i f i c a n t l y  
amongst a v a r i e t y  o f  methyl  s u b s t i t u t e d  a r o m a t i c  m a t e r i a l s .  T h i s  is because  
many of t h e  methyl v i b r a t i o n a l  modes a r e  no t  s e n s i t i v e  to  t h e  s i z e  and n a t u r e  o f  
t h e  a romat i c  e n t i t y  t o  which i t  is a t t a c h e d .  W e  determined t h a t  f o r  v i t r i n i t e  
c o n c e n t r a t e s  ob ta ined  from bi tuminous c o a l s  t h e  %C found as methyl  groups a t t a c h e d  
t o  a romat i c  u n i t s  v a r i e d  between 3 and 5% (wi th  one or two o u t s i d e  t h i s  r ange ) .  

numbers a g r e e  v e r y  wel l  w i t h  t h e  t o t a l  methyl  c o n t e n t  r e c e n t l y  determined 
E:eygC nmr for some o f  t h e  same v i t r i n i t e s  by Pugmire and Gran t  (15) .  Pre- 
sumably, i n  v i t r i n i t e s  t h e r e  a r e  ve ry  few methyl  groups p r e s e n t  i n  e t h y l ,  
propyl  o r  similar u n i t s .  
a l i p h a t i c .  
a t t a c h e d  t o  a r o m a t i c  r i n g s ,  b u t  nmr a n a l y s i s  i n d i c a t e s  a t o t a l  methyl  c o n t e n t  of 
approximately 7%). 

The most e a s i l y  

and t h e  symmetric bending mode n e a r  1380 cm . The o v e r l a p  of t h e s e  

T h i s  band is  w e l l  s e p a r a t e d  from o t h e r  

The p r o c e s s  is no t  e n t i r e l y  s t r a i g h t -  

(Th i s  i s  n o t  t h e  c a s e  f o r  e x i n i t e s ,  which a r e  much more 
We aga in  de t e rmine  t h a t  approx ima te ly  4%C is t i e d  up i n  methyl  groups 

Given t h a t  w e  can  de te rmine  r easonab ly  a c c u r a t j  v a l u e s  f o r  t h e  r e l a t i v e  
p r o p o r t i o n s  o f  a l i p h a t i c  and a romat i c  carbon from C nmr, a l i p h a t i c  and a romat i c  
hydrogen from FT-ir  and methyl  group c o n c e n t r a t i o n  from e i t h e r  o r  b o t h  t echn iques ,  
what can we c a l c u l a t e  and t o  what e x t e n t  does  i t  mean a n y t h i n g ?  
permit  u s  t o  c o n s i d e r  a l l  t h e  e q u a t i o n s  u t i l i z e d  by Dryden (11,12)  and Brown and 
Ladner (13) ,  bu t  a r e l a t i v e l y  s imple  example i n d i c a t e s  t h e  problem. 
two e q u a t i o n s  can be used t o  d e s c r i b e  t h e  d i s t r i b u t i o n  o f  a l i p h a t i c  groups;  

Space does  no t  

The fo l lowing  
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CH3 Hal = HCH + HCH2 .I .  H 

'a1 = 'CH + 'CH2 -+ 'CH3 

The c o n c e n t r a t i o n  of hydrogen and ca rbon  y 5 e s e n t  i n  a l i p h a t i c  g roups ,  
H and C , can be de t e rmined  from FT-ir  and C nmr, r e s p e c t i v e l y .  The % 
h$rogen 2fid carbon p r e s e n t  i n  methyl  g roups ,  HGH3 and CfH3, c an  a l s o  be de- 
t e m i n e d  as d i s c u s s e d  above. T h i s  l e a v e s  two e u a t i o n s  n two unknowns. Con- 
s e q u e n t l y ,  w e  shou ld  be a b l e  t o  de t e rmine  t h e  d i s t r i b u t i o n  of a l i p h a t i c  s p e c i e s  
in  any p a r t i c u l a r  c o a l .  Cons ide r ,  however, a t y p i c a l  example. A v i t r i n i t e  
c o n c e n t r a t e  (PSMC 71, 85.2%C) wi th  f =0.73, H =3.5% and C = 3 . 6 % .  Solv ing  
e q u a t i o n s  (3) and (4 )  g i v e s  v a l u e s  of C = ?1.8% and C '137.6%. Now cons ide r  
t h e  e f f e c t s  of r e l a t i v e l y  modest  e r ro r sCH2For  example,  i f H w e  o q t i m i s t i c a l l y  
dec ide  t h a t  f is e q u a l  t o  0 .73  
determine a r znge  o f  v a l u e s  o f  C 
l i m i t s  of  t h e s e  v a l u e s .  
wh i l e  CCH f a l l s  i n  t h e  r ange  4.5% t o  16.5%! 
sma l l  e r r o r s  m u l t i p l y  t o  such  a n  e x t e n t  t h a t  i t  is n o t  p o s s i b l e  t o  d e f i n e  
s t r u c t u r a l  pa rame te r s  w i t h  any  degree  o f  p r e c i s i o n  o r  conf idence .  

0 . 2  and Hal is e q u a l  t o  3.5 - 0.2%, w e  can 
and C co r re spond ing  t o  t h e  upper  and lower 

The V a l $ %  o f  C c: now f a l l  i n  t h e  r ange  15.1% t o  2.2% 
C l e a r l y  f o r  any s i n g l e  sample even 

T h i s  s i t u a t i o n  i s  n o t  c o n f i n e d  t o  t h e  s imple  example g iven  above.  For  
example, w e  p r e v i o u s l y  ( 9 )  used  t h e  Brown-Ladner e q u a t i o n  (13)  t o  c a l c u l a t e  t h e  
a l i p h a t i c  hydrogen t o  carbon a tomic  r a t i o ,  

( 5 )  
Hal ''a1 : 

is t h e  f r a c t i o n  of t o t a l  hydrogen p r e s e n t  as  a l i p h a t i c  groups.  

f a  = [C/H - H*al/(Hal /Ca~]/C/H 

where H* 
Assuming e r r o ? f  of approx ima te ly  -5% i n  v a l u e s  of f 
a l l y  much l a r g e r  e r r o r s  were c a l c u l a t e d  i n  H t h e s e  e r r o r s  i n c r e a s i n g  pro- 
p o r t i o n a l l y  w i t h  rank.  T h i s  i s  because  H /e::cat;:ally v a r i e s  w i t h  t h e  
r e c i p r o c a l  of (1-f ), so  t h a t  e r r o r s  i n  falbecome i n c r e a s i n g l y  g i g n i f i c a q t .  
example, even & e r r o r s  i n  f 
i n  much l a r g e r  e r r o r s  i n  (l-fa)! 0.1-0.02 o r  -2O%!]. 

i t  was found t h a t  p ropor t ion -  

[For  
f o r  a h i i h  r ank  c o a l ,  s a y  0.9 -0.02 o r  -2% r e s u l t s  + 

C l e a r l y ,  t h e  a c c u r a t e  c a l c u l a t i o n  o f  s t r u c t u r a l  pa rame te r s  f o r  any s p e c i f i c  
c o a l  i s  a lmos t  p o i n t l e s s ,  g iven  t h e  p r e c i s i o n  o f  t h e  d a t a  p r e s e n t l y  a v a i l a b l e .  
Neve r the l e s s ,  broad a v e r a g e s  and  t r e n d s  as  a f u n c t i o n  of r ank  can be determined.  
I f  we t a k e  t h e  p l o t s  of f , H , H e t c .  reproduced i n  f i g u r e s  1 t h r u  3 ,  t h e n  
we  can draw l i n e s  throughatheaAata?r  A t  any p a r t i c u l a r  v a l u e  of %C w e  can then  
r e a d  o f f  t h e s e  p l o t s  v a l u e s  t h a t  r e p r e s e n t  an  "average" pa rame te r  v a l u e  f o r  c o a l s  
o f  t h a t  rank.  These a v e r a g e  v a l u e s  can  then  be used t o  c a l c u l a t e  s t r u c t u r a l  
pa rame te r s .  T h i s  p rocedure  i s  l i m i t e d  and u n s a t i s f a c t o r y ,  bu t  g iven  t h e  major 
e f f e c t s  expe r imen ta l  e r r o r s  have on t h e  d a t a ,  i t  is t h e  b e s t  w e  can d o  a t  t h i s  
t i m e .  I f  n o t h i n g  e l s e  they  show t r e n d s  a s  a f u n c t i o n  of r ank .  As an  example a 
p l o t  of t h e  d i s t r i b u t i o n  o f  a l i p h a t i c  CH g roups  is shown i n  f i g u r e  4.  
b e  seen  t h a t  t h e  p r o p o r t i o n  o f  CH2 t o  CH g roups  i n c r e a s e s  a s  a f u n c t i o n  of r a n k ,  
w h i l e  t h e  e x p e r i m e n t a l l y  de t e rmined  XC a s  CH 
c o n s t a n t .  

I t  can 

g roups  remains approx ima te ly  3 
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F igu re  1. P l o t  of  f r a c t i o n  a r o m a t i c i t y ,  f a ,  v s  %C dmmf f o r  a set of v i t r i n i t e  
c o n c e n t r a t e s .  
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Figure 2 .  P l o t  of the r a t i o  o f  aromatic t o  a l i p h a t i c  hydrogen, H 
determined f o r  a set of c o a l s  and v i t r i n i t e  concentratgS. /Hal, 

Figure 3.  P l o t  of XH i n  a l i p h a t i c  groups (top)  and %H i n  aromatic groups 
(bottom ) v s  %C dmmf f o r  a s e t  of v i t r i n i t e  concentrates .  
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Figure 4 .  Plot of distribution of aliphatic groups as a function of rank 
of a set of vitrinite concentrates. 
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